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and a bilayer membrane having a top and a bottom layer. The bottom layer is proximal to and connected to the electrode in a manner such
that a space exists between the membrane and the electrode. The membrane comprises a closely packed array of amphiphilic molecules
and a plurality of ion channels comprising first half membrane spanning monomers dispersed in the top layer and second half membrane

upper layer while the second half membrane~spanning monomers are prevented from lateral diffusion within the bottom layer. Receptors
are attached to an end of at least a proportion of the first half membrane-spanning monomers proximal to the surface of the membrane

screening compounds for their ability to promote or interfere with receptor oligomerization.

The present invention provides a biosensor for use in detecting the oligomerization of receptors. The biosensor comprises an electrode '

spanning monomers dispersed in the bottom layer. The first half membrane spanning monomers are capable of lateral diffusion within the |

and the oligomerization of the receptors. causes a change in the conductance or impedance of the membrane. The biosensors are useful in
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Receptor/Ligand Biosensor
The present invention relates generally to anchoring molecules to
model membrane systems and to the use of anchored molecules in assays of
inter molecular interactions.
Cell surface biomolecules, such as receptors, often need to be in an
oligomerized or clustered form to enable signalling function and interactions

‘with ligands. Such ligands include growth factors, cytokines, hormones,

surface exposed components on cells, subcellular viral, subviral particle and
other infectious agents (eg Science 275, 1261-64, 1997). By virtue of their

ability to undergo multimeric interactions, oligomerized receptors have the

potential to interact stably with ligands of low affinity. Such oligomerization
is usually essential for transmembrane signalling and receptor function.
However, for many receptors the affinity of self-association or interaction

. with ligands is not high enough to allow detection using conventional

binding techniques, which often require covalent labelling, solubilization
with detergents, or immobilization of the receptor or ligand onto the solid
sensing surface of existing biosensors. These methods are suited to the study
of relatively high affinity interactions and they generally rely on the ability of
the molecules to interact in solution or to maintain stable interaction after
cell disruption. Since the effective receptor/ligand concentration in solution
is sxgmflcantly reduced compared to that on the two-dimensional surface of a
cell (where molecules can oligomerize or cluster and interact stably with
other molecules through multimeric interactions) these methods are hm1ted

- in thelr ability to detect interactions of low afflmty

. Since ohgomenzatmn of receptors is. essentlal for their functlonal
activity, assay methods which allow detection of this ohgomenzatlon process‘
are highly suitable for screening of compounds that influence receptor
aggregation and hence cellular functions tnggered by that process Such
compounds would be candidates for drugs or other therapeutic agents
relevant to disease states in which cellular transmembrane signalling events
are involved. Oligomerization of receptors may be mediated by their
extramembraneous or transmembrane domains.

Atomic force microscopy (also known as scanning probe microscopy)
allows three-dimensional imaging and measurement of structures ranging in
size from atomic dimensions to microns, and is revolutionary in its ability to
resolve structures never seen before. The development of optical biosensors
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has permitted the monitoring of the interaction betweén macromolecules in
real time. To date, both of these techniques generally have been used with

the receptor or the ligand molecule covalently attached to or immobilised
‘onto a solid surface. Recently a technique has been described in which a

linkage of a recombinant hexa-histidine-tagged protein with nitrilotriacetic
acid (NTA) is used to reversibly immobilize a hexa-histidine-tagged protein

‘onto the solid sensing surface of a BlAcore surface plasmon resonance

biosensor. The formation of a hybrid alkanethiol/phospholipid membrane on
the BIAcore sensing surface also has been described, enabling analysis of the
binding of streptavidin to biotinylated phosphatidylethanolamine in the
bilayer. These prior art techniques do not permit an analysis of receptor
interactions under conditions that mimic a cell surface and that allows
lateral mobility of the molecule, as well as the possibility for ohgomenzatlon
and multimeric interactions.

The present inventors have developed an apparatus which can be
used to detect the oligomerization of receptors, receptor/ligand interaction
and to screen compounds for their ability to interfere or promote such
ohgomenzatlon or interaction. The apparatus is best described as a
bxosensor in that it involves the use of 11p1d membranes. Membranes for the .
use in bxosensors have been disclosed In international Patent Apphcatlon

»Nos PCT/AU88/002 73, PCT/AU89/OO352 PCT/AU90/00025 and .

PCT/AU92/00132. The disclosure of these apphca’aons is 1ncluded'herein by'

‘reference.

As dlsclosed in these apphca’aons, sultably modified lipid rnolecules :
may be caused to assemble into an electrode/xomc reserv01r/1nsulat1ng bllayer
combmatmn that is suitable for incorporation of ion channels and _
1onophores. It is also disclosed that the conductance of these membranes is
dependent on the presence or absence of an analyte. In bilayer membranes
in which each layer includes ion channel monomers, the conductance of the
membrane is dependent on the lining up of the monomers in each la_yerv to
form continuous ion channels which span the membrane. As these
continuous ion channels are constantly belng formed and destroyed the
conductance of the membrane is dependent on the hfetlmes of these
continuous ion channels,

~ In a first aspect, the present invention consists in a blosensor for use
in detectmg the ohgomenzatmn of receptors, the blosensor comprising an
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electrode and a bilayer membrane having a top and a bottom layer, the
bottom layer being proximal to and connected to the electrode in a manner
such that a space exists between the membrane and the electrode, the
membrane comprising a closely packed array of amphiphilic molecules and a
plurality of ion channels comprising first half membrane spanning monomers
dispersed in the top layer and second half membrane spanning monomers
dispersed in the bottom layer, the first half membrane spanning monomers
being capable of lateral diffusion within the upper layer and the second half

membrane-spanning monomers being prevented from lateral diffusion within

the bottom layer, receptors being attached to an end of at least a proportion-

. of the first half membrane-spanning monomers proximal to the surface of the

membrane, the oligomerization of the receptors causing a change in the
conductance or impedance of the membrane.

In a preferred embodiment of the present invention the membrane
includes membrane spanning amphiphiles which are prevented from lateral
diffusion within the membrane.

In a second aspect, the present invention consists in a biosensor for

use in detecting the ohgomenzatlon of receptors, the biosensor comprising

an electrode and a bilayer membrane having a top and a bottom layer, the
bottom Iayer being proximal to and connected to the electrode ina manner
such that a space exists between the membrane and the electrode, the
membrane comprising a closely packed array of amphiphilic molecules,
membrane spanning amphxphlles which are prevented from lateral diffusion
within the membrane and a plurahty of ion channels compnsmg frrst ‘half
membrane spanmng monomers drspersed in the top layer and second half

' membrane spanmng monomers dlspersed in the bottom layer, the first half

membrane spanning monomers being capable of lateral dlffusmn Wlthm the A

' upper layer and the second half membrane-spannmg monomers being

prevented from lateral diffusion within the bottom layer, receptors being
attached to either an end of at least a proportion of the first half membrane-
spanning monomers proximal the surface of the inembrane and to an end of
at least a proportion of the membrane-spanning amphiphiles proximal the
surface of the membrane, the oligomerization of the receptors causing a
change in the conductance or impedance of the membrane.

In a third aspect, the present invention consists in a blosensor for use
in detecting receptor/ligand interaction, the biosensor comprising an



10

15

20

25

30

35

WO 98/55853 ‘ PCT/AU98/00417

4

electrode and a bilayer membrane having a ‘top and a bottom layer, the -

bottom layer being proximal to and connected to the electrode in a manner
" such that a space exists between the membrane and the electrode, the

membrane comprising a closely packed array of amphiphilic molecules and a
plurality of ion channels comprising first half membrane spanning monomers
dispersed in the top laye1 and second half membrane spanning monomers
dispersed in the bottom layer, the first half membrane spanning monomers
being capable of lateral diffusion within the upper layer and the second half

membxane-spanmng monomers being prevented from lateral diffusion within

the bottom layer, receptors being attached to an end of a proportion of the
first half membrane-spanning monomers proximal the surface of the
membrane and ligands being attached to the remainder, the interaction of the

receptors with the ligands causing a change in the conductance or impedance

of the membrane. S

Ina preferred embodiment of the present invention the membrane
includes membrane spanning amphiphiles which are prevented from lateral
d1ffus1on within the membrane..

In a fourth aspect, the present 1nvent10n consists in a biosensor for.
use in detectmg receptor/hgand interaction, the biosensor comprising an
electrode and a bilayer membrane having a top and a bottom layer, the
bottom layer being proximal to and connected to the electrode in a manner
such that a space exists between the membrane and the electrode, the -
membrane comprising a closely packed array of amphiphilic molecules,
membrane spanning amphiphiles which are prevented from lateral diffusion
within the membrane and a plurality of ion channels comprising first half
membrane spanmng monomers dispersed in the top layer and second half
membrane spannmg monomers dispersed in the bottom layer, the first half
membrane spanning monomers being capable of lateral dlffusmn within the
upper layer and the second half membrane-spanning monomers belng

prevented from lateral diffusion within the bottom layer, receptors bemg

attached to either an end of at least a proportion of the first half membrane-
spanning monomers proximal the surface of the membrane or to an end of at
least a proportion of the membrane- -spanning amphiphiles proximal the
surface of the membrane, and ligands being attached to the other of at least a
proportion of the first half membrane-spanning monomers proximal to the
surface of the membrane or the end of the membrane-spanning amphiphiles
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proximal to the surface of the membrane, receptor/ligand interaction causing
a change in the conductance or impedance of the membrane.

In a fifth aspect the present invention consists in a method of
screening a compound for the ability to interfere with receptor
oligomerization or receptor/ligand interaction, the method comprising adding
the compound to the biosensor of the first, second, third or fourth aspect of
the present invention and detecting change in the impedance or conductance

of the membrane.

In a preferred embodiment of the invention, the first and second half

" membrane spanning monomers are gramicidin or one of its derivatives.

In a further preferred embodiment of the present invention, the
bilayer membrane is attached to the electrode via linking molecules such that
a space exists between the membrane and the electrode. Preferred linking
molecules are those disclosed in application PCT/AU92/00132. In yeta
further preferred embodiment of the present invention, the second half
membrane spanning monomers are attached to the electrode via linker
groups. , ' _

In yet another preferred embodiment of the present invention, the
bllayer membrane includes membrane spanmng lipids, srrmlar to those found

'm archaebactena

‘Due to ablhty of the first half membrane spanning monomers to
diffuse Iaterally within ‘the membrane the biosensors of the present mvenhon
are ‘able to m1m1c the interactions of receptors as they occur at the cell
surface The receptors will typically be receptor domains, which may be
composed of proteins, protem fragments, proteoglycans, glycoprotems, or
ohgosacchandes The biosensors of the present invention may be also used

: to exarmne 1nteract10ns between DNA and DNA bmdmg protems

Many cellular responses are uutlated through the ohgomensahon of
two or more large protein receptors. Receptors that fall into this category are
the hematopoietic receptor family, epidermal growth factor receptor family,
the insulin receptor family, the colony stimulating receptor family and the
cytokine receptor family. The tethered membrane technology can be used to
screen potential drugs for their ability to block protein-protein interactions,
or to cause protein-protein interactions. Specific examples of receptors
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which may be used in the present mventlon include CDZ CD4, CD48, CD59,
CD94, B7.1, Epo receptors and Erb receptors.

The receptors and ligands may be attached to the membrane( using a
variety of strategies a number of which are exemplified in the patent
applications referred to above. Other strategies include but are not limited to
metal chelation of a suitably molecularly engineered or chemically attached

- terminal group of an expressed protein, glycoprotein, proteoglycan or

oligosaccharide (eg the inclusion of a hexahistidine tag) to a functionalised

-moiety on a compound on the membrane surface (eg a metal chelating group
‘such as NTA (nitrilo triacetic acid)). Another p0551b111ty is a specifically

engineered receptor or related fragment containing a suitably located peptide
strand which spontaneously inserts into the membrane.

~ In order that the nature of the present invention may be more clearly
understood preferred forms thereof will now be descubed with reference to

the following non-limiting examples.

EXAMPLES

Abbreviations

PBS . Phosphate buffered saline

EDC 1-(3-Dimethylamino)propyl-3-ethylcarbodiimide hydrochlonde
NHS  N-hydroxy succinimide :

NTA - . Nitilotriacetic acid

The structure of "linker llpld A"is shown in Flgure 1; the structure of
"linker gramicidin B" is shown in Figure 2 in which gA is gramicidin, the
structure of which is shown in Figure 3; the structure of MSLOH and
MSL4XB are shown in Figure 4; the structure of "biotinylated grarmmdm E
where n=5, is shown in Figure 5 in which gA is gramicidin, the structure of
which is shown in Figure 3. ' '

“The cell surface receptor B7.1 (CD80} is a glycoprotein expressed-
predominantly on the surface of B-cells, dendritic cells, monocytes and
peritoneal macrophages. The receptor is involved in the interaction between
T cells and antigen-presenting cells, and plays an important role in T cell
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activation and the induction of antigen-specific immune responses, by
providing a costimulatory signal to the T cells. '
The B7.1 receptor has a molecular mass of approximately 60 kDa it

‘.pbssesses two extracellular immunoglobulin-like domains, a hydrophobic
- transmembrane region and a short cytoplasmic tail. The extracellular region

of B7.1 contains binding sites for its cognate receptors CD28 and CTLA-4 on
the surface of T cells. - Upon recognition of antigen by the T cell antigen
receptor (TCR), the binding of B7.1 to CD28 'prqvides a co-stimulatory signal
essential for T cell activation. The murine and human B7.1 molecules show
considerable phylogenic conservation: human B7.1 can bind and signal
through murine CD28 and CTLA-4, and vice.versa.

The erbB family of growth factor receptors are cell surface receptors
are commonly overexpressed in breast and ovarian carcinomas. The receptor
for EGF, called ErbB-1, can undergo extensive heterodimerisation with three
related membrane receptor proteins:- an orpllan receptor called ErbB-2, and 4
two receptors for the Neu differentiation factor ligand (NDF, heregulin, HRG)
called ErbB-3 and ErbB-4. Although no known ligand binds directly to
erbB-2, this receptor appears to be the preferred heterodimerising partner for
the other erbB receptors. ‘The rate of ligand dlssomatmn for a heterodimer
contalmng ErbB-2 is also thought to be slower than for the other dimers.

The experiments described in example 1 and 2 were performed using
a recombinant form of murine B7-1. The recombinant B7.1 used consisted of
the entire amino acid sequence of the extracellular region of munne B7 1and
a hexahistidine (6H) tag at the ‘carboxyl tenmnal end of the protem '
(correspondmg to the membrane-proximal end of the native B7. 1 protem)
The 6H tag was engmeered to enable the receptor to be linked to .
nitrilotriacetic acid (NTA) groups through the formation of a metal- chelahng
linkage between the six successive histidine residues on the protem and the
NTA. The recombinant protein was produced using standard molecular
biology techniques in which the murine B7.1 gene was engineered to encode
the extracellular region of B7.1 with a hexahistidine tag (B7.1-6H); the gene
was then cloned and expressed in insect SF9 and High-5 cells using the
baculovirus expression system. Recombinant B7.1-6H protein was expressed
in the culture supernatants of High-5 cells transfected to express the B7.1-6H
gene, and correct expression of the B7.16H protein was confirmed by
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SDS-PAGE analysié, and by immunoblotting and immunoprecipitation with
the commercially available murine B7.1-specific monoclonal antibody

"16-10A1. For scale-up expression of the protein, supernatants of High-5 cells

expressing the recombinant B7.1-6H protein were pooled and the
recombinant B7.1 protein was purified by Ni-NTA chromatography followed
by gel filtration on FPLC. As judged by SDS-PAGE analysis, the purity of the
B7.1-6H produced by this method was in excess of 95%.

Examp]é 1

A glass éﬁde was evaporatively coated with a 200A chromium ‘
adhesive layer, followed by a 10004 layer of gold The gold coated substrate
was placed in a 50 ml ethanolic solution containing the components as hsted
in Table 1, in the concentratlons shown.

Table 1

 COMPONENT |  MOLARITY
Linker Lipid A ' 370 uM
Mercaptoacetic acid Disulfide 185 uM
MSL4XB : : 27.75 nM -
MSLOH | , 5.5 UM
Linker gramicidin B - - 55.5nM"

The gold coated substrate was placed into this solution Within_ five
minutes of preparation. The gold coated substrate was left in this solution
for 60 minutes, and then rinsed copiously with ethanol, and then immersed
in ethanol for 2-3 hours. The gold slide was then rinsed with ethanol and
assembled in an electrode holder such that an electrode is defined, that for
the current examples has an area of approximately 11mm?®. Then, 10 pl of an
ethanolic solution of 1,2-di(3RS,7R,11R-phytanyl)-glycero-3-phosphocholine
and 1,2-di(3RS,7R,11R-phytanyl)glycerol in a 7:3 ratio, 3mM total lipid
concentration, containing biotinylated granﬁcidin E where n=5, ina
concentration such that the ratio of total lipid to gramicidin derivative is



10

15

20

25

30

35

WO 98/55853 . PCT/AU98/00417

67,000:1 was added to the surface of the gold electrode and then rinsed with
three washes of 150 ul PBS, leaving 100 pl PBS above the electrode surface.

A silver counter electrode was immersed in the PBS solution, and the counter
electrode and the sensing electrode connected to an impedance bridge. A DC
offset of -300mV was applied to the sensing electrode during AC
measurement. Then 50 pl of 0.1 mg/ihl solution of streptavidin bearing
multiple NTA groups (prepared by treating streptavidin with EDC/NHS,

“followed by lysine-NTA) was added to the electrode well and left for three to

five minutes, A 5 ul solution of 0.1 mg/ml biotinylated NTA (prepared by
reacting lysine-NTA with biotin-NHS) was added and the solution left for a
further 5 minutes, prior to rinsing with PBS (3 x 100 pl). 15 pl of a 0.33
mg/ml solution of the protein B7, bearing a 6-His tag, was then added and
aft_e1 15 minutes, a monoclonal antibody to the B7 protein (5 ul of a 0.7

- mg/ml solution) was added. A gating of 8.1% was observed in the impedance

spectrum. A control experiment using native streptavidin and omitting the
addition of biotinylated NTA, showed a minimal gating of 2.5%.

Lysine NTA was prepared fol-lowing the route of Schmidtet al.,

J.Am.Chem.Soc., 1994, 116, 8485.

Exahple 2’

A tethered bilayer membrane was prepared as described in Exardple 1

The 5 pl of 0.1 mg/'mAlisolﬁtibn of _streptavicfin bearing mxﬂtiple NTA

~ groups was added to the electrode well and left for three to five minutes. A5

pl solution of O.1vrng/ml biqtihylated NTA '(prepa'red‘by reacting lysine-NTA .
with biotin-NHS) was added and the solution left for a further 5 minutes,
prior to nnsing with PBS (3 x 100 p.l)A 15 pl of a 0.33 mg/ml solution of
polybiotinylated protein B7 bearing a 6-His tag, (prepared by reactmg the 6-
His tagged protein with biotin-NHS) was then added and after 20 minutes, 5
plof 0.1 mg/ml solution of streptavidin was added to the electrode well. A -

. gating of 10.8% was then observed in the impedance spectrum. A control

experiment using native streptav1dm and omitting the addltlon of
biotinylated NTA, showed a modest gating of 4.1%.
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Example 3

A tethered bilayer membrane was prepared as described in

. Example 1. A solution of streptavidin (5ul of 0.1 mg/ml solution) was added

to the electrode well and left for three to five minutes and then rinsed with
PBS (3 x 100pl). A solution of biotinylated anti-FLAG Fab’ (5ul, 2uM) was
then added, and after five minutes the well was rinsed with PBS (3 x 100ul).
A solution of FLAG-labelled HRG (0.2ul of 0.3uM solution, well
concentration GnM) was added and the gatlng of 15% observed by 1mpedance
spectroscopy

Example 4

A tethered bilayer membrane was prepared as described in .
Example 1. A solution of streptavidin (5ul of 0.1 mg/ml solution) was added
to the electrode well and left for three to five minutes and then rinsed with
PBS (3 x 100ul). A solution of biotinylated anti-FLAG Fab’ (5pl, 2uM) was
then added, and after five minutes the well was rinsed with PBS (3 x 100ul).
A 1:1 mixture of FLAG-labelled erbB2 and erbB4 receptors was added to the
well (2ul of a 4uM solution, well concentration 80nM) and after 10 mmutes

" the well was rinsed with PBS (3 x 100ul) No gating was observed by

unpedance specnoscopy at this stage.” A solution of FLAG-labelled HRG
(0.2pl of 0. 3uM solution, well concentration 6nM) was added and the gahng
of 15% was observed by 1mpedance spectroscopy

- As will be readily apprecmted by those skilled in the art the present

~ invention prov1des a method of assaying interactions between membrane

anchored molecules and between anchored molecules and molecules capable
of interacting therewith. More particularly, the present invention is usefu] to
study interactions between receptors and between a receptor and a ligand by
anchoring the extra membranous or transmembrane region of the receptor
blomolecule on to a fluid membrane system.

The present invention thus prov1des for the anchoring of receptor
molecules onto ion channel containing supported bilayers, that enable the

molecules to diffuse laterally and interact. This technology is idéal in a

preferred embodiment for studying receptor-receptor and receptor-lig‘and
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interactions in a membrane system using ion channels with electrical
impedance detection. R ‘

It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in
the specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to
be considered in all respects as illustrative and not restrictive.
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CLAIMS:-

1. A biosensor for use in detecting the oligomerization of receptors, the
biosensor comprising an electrode and a bilayer membrane having a top and
a bottom layer, the bottom layer being proximal to and connected to the
electrode in a manner such that a space exists between the membrane and
the electrode, the membrane comprising a closely packed array of
amphiphilic molecules and a plurality of ion channels comprising first half
membrane spanning monomers dispersed in the top layer and second half
membrane spanning monomers dispersed in the bottom layer, the first half
membrane spanning monomers being capable of lateral dlffusxon within the
upper layer and the second half membrane-spanning monomers being
prevented from lateral diffusion within the bottom layer, receptors being
attached to an end of at least a proportion of the first half membrane-
spanning monomers proximal to the surface of the membrane, the
oligomerization of the receptors causing a change in the conductance or
impedance of the membrane.

2. A biosensor as claimed in claim 1 in which the membrane includes

- membrane spanning amphiphiles which are prevented from lateral diffusion

within the membrane. ,

3. A biosensor for use in detecting the eligomerization,of receptors, the
biosensor comprising an electrode and a bilayer membrane having a top and -
a bottom layer, the bottom layer being proximal to and connected to the
electrode in a manner such that a space exists between the membrane and
the electrode, the membrane comprising a closely packed array of
amphlphlhc molecules, membrane spannmg amphlphlles which are
prevented from lateral diffusion within the membrane and a plurahty of ion
channels comprising first half membrane spanmng monomers dispersed in
the top layer and second half membrane spanmng monomers dispersed in the
bottom layer, the first half membrane spanmng monomers being capable of
lateral diffusion within the upper layer and the second half membrane-
spanning monomers being prevented from lateral diffusion within the bottom
layer, receptors being attached to either an end of at least a proportion of the
first half membrane-spanning monomers proximal the surface of the
membrane and to an end of at least a proportion of the membrane- spanmng
amphxphxles proximal the surface of the membrane, the ollgomenzatlon of
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the receptors causing a change in the conductance or impedance of the \
membrane. : '

4, A biosensor for use in detectmg receptor/hgand interaction, the
biosensor comprising an electrode and a bilayer membrane havmg a top and
a bottom layer, the bottom layer being proximal to and connected to the
electrode in a manner such that a space exists between the membrane and

 the electrode, the membrane comprising a closely packed array of

amphiphilic molecules and a plurality of ion channels comprising first half
membrane spahning monomers dispersed in the top layer and second half
membrane spanning monomers dispersed in the bottom layer, the first half
membrane spanning monomers being capable of lateral diffusion within the
upper layer and the second half membrane-spanning monomers being
prevented from lateral diffusion within the bottom layer, receptors being
attached to an end of a proportion of the first half membrane-spanning -
monomers proximal the surface of the membrane and ligands being attached
to the remainder, the interaction of the receptors with the ligands causing a

-change in the conductance or impedance of the membrane.

5. A biosensor as claimed in claim 3 or claim 4 in which the membrane
includes membrane spanning amphlphlles wh1ch are prevented from lateral
diffusion within the membrane '

6.. A biosensor for use in detecting receptor/ligand interaction, the
biosensor comprising an electrode and a bilayer membrane having a top and
a bottom layer, the bottom layer bemg proximal to and connected to the
electrode in a manner such that a space exists between the membrane and

,the electrode, the membrane comprising a closely packed array of
. amphiphilic molecules, membrane spanning amphlphlles which are

prevented from lateral diffusion within the membrane and a plurahty of ion
channels comprising first half membrane spanning monomers dispersed in
the top layer and second half membrane spanning monomers dispersed in the
bottom layer the first half membrane spanning monomers being capable of
lateral diffusion within the upper layer and the second half membrane-
spanning monomers being prevented from lateral diffusion within the bottom
layer, receptors bemg attached to either an end of at least a proportion of the
first half membrane-spanning monomers proximal the surface of the .
membrane or to an end of at least a proportion of the membrane- spanning
amphiphiles proximal the surface of the membrane, and ligands being
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attached to the other of at least a proportion of the first half membrane-

. spanning monomers proximal to the surface of the membrane or the end of

the membrane-spanning amphiphiles proximal to the surface of the
membrans, receptor/ligand interaction causing a change in the conductancs

~or impedance of the msmbrane,

7. A biosensor as claimed in any one of claims 1 to 6 in which the first
and sscond half membrane spanning monomers are gramicidin or one of its
derivatives.

8. A biosensor as claimed in one of claims 1 to 7 in which the bilayer

- membrane is attached to the electrode via linking molecules such that a

spacs exists betwean the membrane and the electrode.

9.  Abiosensor as claimed in one of claims 1 to 8 in which the second
half membrane spanning monomers are attached to the slectrode via linker
groups,

10. A method of screening a compound for the ability to interfere with
mceptor oligomerization or receptor/ligand intsraction, the method
comprising adding the compound to the biosensor as claimed in any one of

claims 1 to 9 and detecting change in the irapedance or conductance of the
membrane. :

PCT/AU98/00417
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